The investigations described here were carried out in the context of our research project on the physiological, biochemical, and cytomorphological characterization of spruce trees growing in natural habitats and showing damage of varying intensity. Here we report on specific aspects of the photosynthetic apparatus. The aim of the measurements was to analyze whether or not the activity of the photosynthetic electron transport pathway is affected in damaged trees. The investigations were carried out on a 20 to 25-year-old spruce plantation in the Hunsrück mountains and on an 80-year-old spruce plantation in the Westerwald mountains. The photosynthetic electron transport rate was determined by photoreduction of 2,6-dichlorophenolindophenol. A decrease of the electron transport rate was shown in the damaged spruce trees in comparison to the apparently healthy trees. The investigation of the water splitting enzyme system -determined in the Hillreaction by feeding in electrons by means of diphenylcarbazide -indicates that the electron transport on the oxidizing side of photosystem II is impaired. The results imply that the photosynthetic electron transport chains in the thylakoid membranes of the spruce chloroplasts are sites of early injurious effects. This is in agreement with the electron microscopic analyses which show consistently that early damage occurs especially at the cellular membranes. This membrane damage is apparent even in the green needles of damaged spruce trees.
Introduction
For several years, "novel forest decline" has been occurring over wide areas in Central Europe. This class of forest diseases cannot be subsumed under the general category of classical smoke damage alone, because it is manifest also in areas far away from major polluters and industrial centres and even in socalled "clean air" regions with low S0 2 pollution.
The damage has increased in intensity and extent over the past six years. Damage intensity increases
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Reprint requests to Prof. Dr. A. Wild. Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen 0341 -0382/88/0700-0606 $01. 30 For this purpose, the Hill-activity of isolated thylakoids was determined by photoreduction of the artificial electron acceptor DCPIP. In order to investigate a possible impairment of the water splitting enzyme system, DPC was added to the test system. In addition, the chlorophyll content was determined.
In the following papers of the series, we will report on specific components of the photosynthetic electron transport chain -Q B -protein, cytochrome /, and P-700 [30] , in this issue) -and on the activity of the ribulosebisphosphate carboxylase (in preparation). 
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Materials and Methods
Description of the locations Location in the Hunsriick mountains
Chlorophyll content
Chlorophyll was extracted from the needles with dimethylsulfoxide (DMSO) and measured spectrophotometrically according to [34] .
Needle surface area
The needle surface area was determined by means 
Chloroplast preparation
The operations were performed at 0 °C. 
Hill-reaction
The photosynthetic electron transport rate of the 
Results
Hunsriick location Ranking list of the test trees
The test trees were appraised separately before the first harvest date in accordance with the degree of visible phenotypic damage (cf. (Table I) .
Chlorophyll content
At 
Hill-activity
A decrease in the electron transport rate in the more severely damaged spruce trees was shown irrespective of the reference parameter (Fig. 2) . Nevertheless, the reduction was much more drastic in relation to the dry weight, the fresh weight, and (Fig. 3) .
Hill-activity after the addition of DPC
After the addition of DPC to the assay system, the electron transport rates rose in the more severely damaged, and even in the less damaged trees (Fig. 4) . However, this increase in the Hill-activity is much more marked in the severely damaged trees 
DCMU-inhib ition
The DCPIP-photoreduction could be inhibited to more than 95% by the addition of DCMU (10 pM) to the test system, irrespective of whether or not DPC was added.
Westerwald location
The amount of chlorophyll in the needles of the apparently healthy trees at the Westerwald location was about the same as in the needles of the Hunsrück location for the undamaged or only slightly damaged spruce trees (Table II) (Table III) . correlation between the damage interval of the two partners of both tree pairs and the electron transport rate after DPC addition: a low damage difference between the tree partners is also reflected in a smaller difference in the increase of the electron transport rates. These results were found to be similar for both needle generations.
Discussion
The amount of chlorophyll in the needles of the more severely damaged trees was always distinctly lower compared to that in the apparently healthy trees, even in needle groups with a green and healthy appearance. The chlorophyll content of the needles Table III . Photosynthetic electron transport rate (ETR) in relation to different parameters (DW = dry weight, FW = fresh weight, NS = needle surface area, Chi = chlorophyll a + b). DCPIP-Hill-activity with broken chloroplasts of spruce needles. 0 = mean value of two tree pairs from the Hunsrück location and four trees from the Westerwald location over the investigation period 1986, '85 = the 1985 needle generation, '84 = the 1984 needle generation, tree group 1 = apparently healthy or only slightly damaged, tree group 2 = more severely damaged. 
